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(Qind,ave), determine the accuracy of the
reported mean flow rate as:

Equation 20

%
| |, ,

,

 Difference
Q Q

Q
x ind ave ref ave

ref ave

=
−

100%

(ii) To successfully pass this test, the
percent difference calculated in Equa-
tion 20 of this paragraph (g)(3) shall not
exceed 2 percent for each test run.

(4) Flow rate CV measurement accu-
racy. (i) Using the flow rate coefficient
of variation indicated by the candidate
test sampler at the completion of the 6-
hour test (%CVind), determine the accu-
racy of the reported coefficient of vari-
ation as:

Equation 21

Difference CV CVind ref =|%  % % |( ) −
(ii) To successfully pass this test, the

absolute difference in values calculated
in Equation 21 of this paragraph (g)(4)
must not exceed 0.3 (CV%) for each test
run.

(5) Ambient pressure measurement accu-
racy. (i) Calculate the absolute dif-
ference between the mean ambient air
pressure indicated by the test sampler
and the ambient (chamber) air pressure
measured with the reference barometer
as:

Equation 22

P Pdiff ind ave ref ave =    P   | |, ,−
where:

Pind,ave = mean ambient pressure indicated by
the test sampler, mm Hg; and

Pref,ave = mean barometric pressure measured
by the reference barometer, mm Hg.

(ii) The calculated pressure dif-
ference must be less than 10 mm Hg for
each test run to pass the test.

(6) Sampler functionality. To pass the
sampler functionality test, the follow-
ing two conditions must both be met
for each test run:

(i) The sampler must not shut down
during any part of the 6-hour tests; and

(ii) An inspection of the downloaded
data from the test sampler verifies

that all the data are consistent with
normal operation of the sampler.

[62 FR 38799, July 18, 1997; 63 FR 7714, Feb. 17,
1998]

§ 53.57 Test for filter temperature con-
trol during sampling and post-sam-
pling periods.

(a) Overview. This test is intended to
measure the candidate sampler’s abil-
ity to prevent excessive overheating of
the PM2.5 sample collection filter (or
filters) under conditions of elevated
solar insolation. The test evaluates ra-
diative effects on filter temperature
during a 4-hour period of active sam-
pling as well as during a subsequent 4-
hour non-sampling time period prior to
filter retrieval. Tests shall be con-
ducted in an environmental chamber
which provides the proper radiant
wavelengths and energies to ade-
quately simulate the sun’s radiant ef-
fects under clear conditions at sea
level. For additional guidance on con-
ducting solar radiative tests under con-
trolled conditions, consult military
standard specification 810-E (reference
6 in appendix A of this subpart). The
performance parameters tested under
this procedure, the corresponding mini-
mum performance specifications, and
the applicable test conditions are sum-
marized in table E–1 of this subpart.
Each performance parameter tested, as
described or determined in the test pro-
cedure, must meet or exceed the associ-
ated performance specification to suc-
cessfully pass this test.

(b) Technical definition. Filter tem-
perature control during sampling is the
ability of a sampler to maintain the
temperature of the particulate matter
sample filter within the specified devi-
ation (5 °C) from ambient temperature
during any active sampling period.
Post-sampling temperature control is
the ability of a sampler to maintain
the temperature of the particulate
matter sample filter within the speci-
fied deviation from ambient tempera-
ture during the period from the end of
active sample collection of the PM2.5

sample by the sampler until the filter
is retrieved from the sampler for lab-
oratory analysis.

(c) Required test equipment. (1) Envi-
ronmental chamber providing the
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means, such as a bank of solar-spec-
trum lamps, for generating or simulat-
ing thermal radiation in approximate
spectral content and intensity equiva-
lent to solar insolation of 1000 ±50 W/m2

inside the environmental chamber. To
properly simulate the sun’s radiative
effects on the sampler, the solar bank
must provide the spectral energy dis-
tribution and permitted tolerances
specified in table E–2 of this subpart.
The solar radiation source area shall be
such that the width of the candidate
sampler shall not exceed one-half the
dimensions of the solar bank. The solar
bank shall be located a minimum of 76
cm (30 inches) from any surface of the
candidate sampler. To meet require-
ments of the solar radiation tests, the
chamber’s internal volume shall be a
minimum of 10 times that of the vol-
ume of the candidate sampler. Air ve-
locity in the region of the sampler
must be maintained continuously dur-
ing the radiative tests at 2.0 ±0.5 m/sec.

(2) Ambient air temperature re-
corder, range ¥30 °C to +50 °C, with a
resolution of 0.1 °C and certified accu-
rate to within 0.5 °C. Ambient air tem-
perature measurements must be made
using continuous (analog) recording ca-
pability or digital recording at inter-
vals not to exceed 5 minutes.

(3) Flow measurement adaptor (40
CFR part 50, appendix L, figure L-30) or
equivalent adaptor to facilitate meas-
urement of sampler flow rate at the
sampler downtube.

(4) Miniature temperature sensor(s),
capable of being installed in the sam-
pler without introducing air leakage
and capable of measuring the sample
air temperature within 1 cm of the cen-
ter of the filter, downstream of the fil-
ter; with a resolution of 0.1 °C, certified
accurate to within 0.5 °C, NIST-trace-
able, with continuous (analog) record-
ing capability or digital recording at
intervals of not more than 5 minutes.

(5) Solar radiometer, to measure the
intensity of the simulated solar radi-
ation in the test environment, range of
0 to approximately 1500 W/m2. Optional
capability for continuous (analog) re-
cording or digital recording at inter-
vals not to exceed 5 minutes is rec-
ommended.

(6) Sample filter or filters, as speci-
fied in section 6 of 40 CFR part 50, ap-
pendix L.

(d) Calibration of test measurement in-
struments. Submit documentation
showing evidence of appropriately re-
cent calibration, certification of cali-
bration accuracy, and NIST-
traceability (if required) of all meas-
urement instruments used in the tests.
The accuracy of flow rate meters shall
be verified at the highest and lowest
pressures and temperatures used in the
tests and shall be checked at zero and
at least one flow rate within ±3 percent
of 16.7 L/min within 7 days prior to use
for this test. Where an instrument’s
measurements are to be recorded with
an analog recording device, the accu-
racy of the entire instrument-recorder
system shall be calibrated or verified.

(e) Test setup. (1) Setup of the sampler
shall be performed as required in this
paragraph (e) and otherwise as de-
scribed in the sampler’s operation or
instruction manual referred to in
§ 53.4(b)(3). The sampler shall be in-
stalled upright and set up in the solar
radiation environmental chamber in its
normal configuration for collecting
PM2.5 samples (with the inlet in-
stalled). The sampler’s ambient and fil-
ter temperature measurement systems
shall be calibrated per the sampler’s
operating manual within 7 days prior
to this test. A sample filter shall be in-
stalled for the duration of this test.
For sequential samplers, a sample fil-
ter shall also be installed in each avail-
able sequential channel or station in-
tended for collection of a sequential
sample (or at least 5 additional filters
for magazine-type sequential samplers)
as directed by the sampler’s operation
or instruction manual.

(2) The miniature temperature sensor
shall be temporarily installed in the
test sampler such that it accurately
measures the air temperature 1 cm
from the center of the filter on the
downstream side of the filter. The sen-
sor shall be installed such that no ex-
ternal or internal air leakage is cre-
ated by the sensor installation. The
sensor’s dimensions and installation
shall be selected to minimize tempera-
ture measurement uncertainties due to
thermal conduction along the sensor
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mounting structure or sensor conduc-
tors. For sequential samplers, similar
temperature sensors shall also be tem-
porarily installed in the test sampler
to monitor the temperature 1 cm from
the center of each filter stored in the
sampler for sequential sample oper-
ation.

(3) The solar radiant energy source
shall be installed in the test chamber
such that the entire test sampler is ir-
radiated in a manner similar to the
way it would be irradiated by solar ra-
diation if it were located outdoors in
an open area on a sunny day, with the
radiation arriving at an angle of be-
tween 30° and 45° from vertical. The in-
tensity of the radiation received by all
sampler surfaces that receive direct ra-
diation shall average 1000 ±50 W/m2,
measured in a plane perpendicular to
the incident radiation. The incident ra-
diation shall be oriented with respect
to the sampler such that the area of
the sampler’s ambient temperature
sensor (or temperature shield) receives
full, direct radiation as it would or
could during normal outdoor installa-
tion. Also, the temperature sensor
must not be shielded or shaded from
the radiation by a sampler part in a
way that would not occur at other nor-
mal insolation angles or directions.

(4) The solar radiometer shall be in-
stalled in a location where it measures
thermal radiation that is generally
representative of the average thermal
radiation intensity that the upper por-
tion of the sampler and sampler inlet
receive. The solar radiometer shall be
oriented so that it measures the radi-
ation in a plane perpendicular to its
angle of incidence.

(5) The ambient air temperature re-
corder shall be installed in the test
chamber such that it will accurately
measure the temperature of the air in
the chamber without being unduly af-
fected by the chamber’s air tempera-
ture control system or by the radiant
energy from the solar radiation source
that may be present inside the test
chamber.

(f) Procedure. (1) Set up the sampler
as specified in paragraph (e) of this sec-
tion and otherwise prepare the sampler
for normal sample collection operation
as directed in the sampler’s operation
or instruction manual.

(2) Remove the inlet of the candidate
test sampler and install the flow meas-
urement adaptor on the sampler’s
downtube. Conduct a leak check as de-
scribed in the sampler’s operation or
instruction manual. The leak test must
be properly passed before other tests
are carried out.

(3) Remove the flow measurement
adaptor from the downtube and re-in-
stall the sampling inlet.

(4) Activate the solar radiation
source and verify that the resulting en-
ergy distribution prescribed in table E–
2 of this subpart is achieved.

(5) Program the test sampler to con-
duct a single sampling run of 4 contin-
uous hours. During the 4-hour sampling
run, measure and record the radiant
flux, ambient temperature, and filter
temperature (all filter temperatures
for sequential samplers) at intervals
not to exceed 5 minutes.

(6) At the completion of the 4-hour
sampling phase, terminate the sample
period, if not terminated automati-
cally by the sampler. Continue to
measure and record the radiant flux,
ambient temperature, and filter tem-
perature or temperatures for 4 addi-
tional hours at intervals not to exceed
5 minutes. At the completion of the 4-
hour post-sampling period, discontinue
the measurements and turn off the
solar source.

(7) Download all archived sampler
data from the test run.

(g) Test results. Chamber radiant flux
control. Examine the continuous
record of the chamber radiant flux and
verify that the flux met the require-
ments specified in table E–2 of this sub-
part at all times during the test. If not,
the entire test is not valid and must be
repeated.

(1) Filter temperature measurement ac-
curacy. (i) For each 4-hour test period,
calculate the absolute value of the dif-
ference between the mean filter tem-
perature indicated by the sampler (ac-
tive filter) and the mean filter tem-
perature measured by the reference
temperature sensor installed within 1
cm downstream of the (active) filter as:

Equation 23

T Tdiff filter ind filter ref filter, , ,| | =   T   −
where:
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Tind,filter = mean filter temperature indicated
by the test sampler, °C; and

Tref,filter = mean filter temperature measured
by the reference temperature sensor, °C.

(ii) To successfully pass the indicated
filter temperature accuracy test, the
calculated difference between the
measured means (Tdiff,filter) must not ex-
ceed 2 °C for each 4-hour test period.

(2) Ambient temperature measurement
accuracy. (i) For each 4-hour test pe-
riod, calculate the absolute value of
the difference between the mean ambi-
ent air temperature indicated by the
test sampler and the mean ambient air
temperature measured by the reference
ambient air temperature recorder as:

Equation 24

T Tdiff ambient ind ambient ref ambient, , ,| |= T   −
where:

Tind,ambient = mean ambient air temperature in-
dicated by the test sampler, °C; and

Tref,ambient = mean ambient air temperature
measured by the reference ambient air
temperature recorder, °C.

(ii) To successfully pass the indicated
ambient temperature accuracy test,
the calculated difference between the
measured means (Tdiff,ambient) must not
exceed 2 °C for each 4-hour test period.

(3) Filter temperature control accuracy.
(i) For each temperature measurement
interval over each 4-hour test period,
calculate the difference between the
filter temperature indicated by the ref-
erence temperature sensor and the am-
bient temperature indicated by the test
sampler as:

Equation 25

T Tdiff ref filter ind ambient = -  T   , ,

(ii) Tabulate and inspect the cal-
culated differences as a function of
time. To successfully pass the indi-
cated filter temperature control test,
the calculated difference between the
measured values must not exceed 5 °C
for any consecutive intervals covering
more than a 30–minute time period.

(iii) For sequential samplers, repeat
the test calculations for each of the
stored sequential sample filters. All

stored filters must also meet the 5 °C
temperature control test.

[62 FR 38799, July 18, 1997; 63 FR 7714, Feb. 17,
1998]

§ 53.58 Operational field precision and
blank test.

(a) Overview. This test is intended to
determine the operational precision of
the candidate sampler during a mini-
mum of 10 days of field operation,
using three collocated test samplers.
Measurements of PM2.5 are made at a
test site with all of the samplers and
then compared to determine replicate
precision. Candidate sequential sam-
plers are also subject to a test for pos-
sible deposition of particulate matter
on inactive filters during a period of
storage in the sampler. This procedure
is applicable to both reference and
equivalent methods. In the case of
equivalent methods, this test may be
combined and conducted concurrently
with the comparability test for equiva-
lent methods (described in subpart C of
this part), using three reference meth-
od samplers collocated with three can-
didate equivalent method samplers and
meeting the applicable site and other
requirements of subpart C of this part.

(b) Technical definition. (1) Field pre-
cision is defined as the standard devi-
ation or relative standard deviation of
a set of PM2.5 measurements obtained
concurrently with three or more collo-
cated samplers in actual ambient air
field operation.

(2) Storage deposition is defined as
the mass of material inadvertently de-
posited on a sample filter that is stored
in a sequential sampler either prior to
or subsequent to the active sample col-
lection period.

(c) Test site. Any outdoor test site
having PM2.5 concentrations that are
reasonably uniform over the test area
and that meet the minimum level re-
quirement of paragraph (g)(2) of this
section is acceptable for this test.

(d) Required facilities and equipment.
(1) An appropriate test site and suit-
able electrical power to accommodate
three test samplers are required.

(2) Teflon sample filters, as specified
in section 6 of 40 CFR part 50, appendix
L, conditioned and preweighed as re-
quired by section 8 of 40 CFR part 50,
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